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SPECIFICATION 

Method of block synchronisation of data in 
a mobile radio communication system 

5 

The present invention relates to a method of 
block synchronisation of data in a mobile radio 
communication system such as that in auto- 
mobiles. 

10 Mobile phone systems are now commer- 
cially available in Japan, Canada, USA and var- 
ious countries in Europe, and data communi- 
cation with mobile radio has, at long last, be- 
gun to be put to a practical use. Mobile radio 

15 data communication is communicated through 
a transmission channel under severe handi- 
caps, such as fading. Thus, such data com- 
munication may suffer from errors. To solve 
this problem, the data in question is com- 

20 monly subjected to error correction encoding 
and is blocked for transmission. A communi- 
cation system utilising such error correction is 
called a block synchronisation transmission 
system in which the blocks of data are each 

25 synchronised with one another by a block 
synchronisation signal. Many methods have 
been proposed up to now for such systems. 
An example is described in "Computer — Data 
communication Techniques" - The Elements In 

30 Data Communication -, written by E. Macna- 
mara, translation by Hiroyuki Watanabe from 
CQ Publishing Co., Ltd., PP 138 to 141, 
wherein two methods are given. One of these 
methods utilises a block synchronisation signal 

35 with a single pattern having an arbitrary bit 
length and employs it one at a time for 
transmission. The other repetitively transmits 
the pattern three or more times and identifies 
it as being a proper block synchronisation sig- 

40 nal provided that it is received two times or 
more in succession. In addition, another tech- 
nique is given in "Advanced Mobile Phone 
Service: Control Architecture" by Z.C. Fluhr et 
al, THE BELL SYSTEM TECHNICAL JOURNAL, 

45 JANUARY 1979, which describes a data for- 
mat in data communication (P58, Figs. 8 and 
9). However, only with a single pattern, it is 
not' recognized as a block synchronisation if it 
is received by mistake. Likewise, with a single 

50 pattern transmitted a plurality of times, it can- 
not easily be ascertained from which portion a 
data fraction begins in the signal if the pattern 
is received by mistake. 
The present invention seeks to provide a 

55 method for effecting block synchronisation 
data communication capable of transmitting 
and receiving block data in a proper synchron- 
ised relation via an extremely badcondition 
transmission channel as might be found in 

60 mobile radio such as that in automobiles. 

A block synchronisation data communication 
method in mobile radio according to the pre- 
sent invention comprises the steps of: 
(1) a step of encoding data to be 

65 transmitted and blocking it. 



(2) a step of adding to the head of the 
blocked data a block synchronisation signal 
having a plurality of different patterns succes- 
sively arranged in the prescribed order. 

70 (3) a step of transmitting the blocked data 
added with the block synchronisation signal, 
(4) a step of receiving the transmitted data 
and recognising one of the patterns constitut- 
ing the synchronising signal, 

75 (5) a step of estimating the data position 
based on the constitution position of the pat- 
tern properly recognised in the block syn- 
chronisation signal, and 

(6) a step of decoding the blocked data be- 

80 ginning from the estimated position as re- 
ceived data. 

In order that the invention may be better 
understood, an embodiment thereof will now 
be described by way of example only and 

85 with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic view illustrating a 
data communication system for use in mobile 
radio; 

90 Figure 2 is a view illustrating a prior block 
synchronisation system; 

Figure 3 is a view illustrating an embodi- 
ment of the block synchronisation system ac- 
cording to the present invention; 
95 Figure 4 is a block diagram of a data mo- 
dem on the land side with use of the block 
synchronisation system according to the pre- 
sent invention; and 

Figure 4b is a block diagram of a mobile 

100 cellular modem with use of the system ac- 
cording to the present invention. 

In Figure 1, illustrating a mobile radio data 
communication system, designated at 1 is a 
computer, 2 is a telephone set, 3 is a land 

105 modem, 4 is a public switching telephone net- 
work 5 is a mobile telecommunications 
switching office (MTSO), 6 is a ceil site, 7 is 
a mobile, 8 is a mobile telephone transmitter/- 
receiver unit (TRU), 9 is a cellular modem, 10 

110 is a control unit (CU), and 11 is a computer. 
The above members from the computer 1 to 
the cell site 6 are located on the land side, 
while those from the TRU8 to the computer 
1 1 are carried on the mobile 7. 

115 Referring to Figure 1, data communication 
between the computer 1 on the land side and 
the computer 1 1 carried on the mobile 7 will 
be described. Although the computer 1 and 
the telephone set 2 are connected with the 

120 land modem 3, the computer 1 is connected 
with the land modem 3 by switching the sys- 
tem to a data mode. Data from the computer 
1 is supplied in a block unit to the land mo- 
dem 3 in which it is subjected to error correc- 

125 tion encoding, and then fed to the public 
switching telephone network 4. The data is 
further allowed to pass, via the MTSO 5 and 
the cell site 6, through a radio communication 
channel, and received by the mobile phone 

130 transmitter/receiver unit (TRU)8 of the mobile 
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7. The received data is subjected to decoding, 
etc., by the cellular modem 9 which then de- 
livers the data to the computer 11 provided 
the data is decided to be normal, if it is de- 
5 cided that the received data is erroneous, then 
the mobile side requests the land side to 
transmit the same block of data again. Effect- 
ing the above procedure repeatedly results in 
data blocks being transferred from the com- 

10 puter 1 on the land side to the cellular mo- 
dem 9 of the mobile 7. The same procedure 
is effected also when, in contrast with the 
above situation, data is transmitted from the 
computer 1 1 of the mobile 7 to the computer 

15 1 on the land side. Moreover, communication 
can also be achieved by phone between the 
telephone set 2 and the control unit (hand set) 
10 of the mobile 7. 
It is general in mobile radio data communi- 

20 cation systems to employ a block synchroni- 
sation signal to transfer block data. 

Prior to describing the block synchronisation 
communication system according to the pre- 
sent invention, a conventional method such, 

25 for example, as those described in the litera- 
ture mentioned before will be described with 
reference to Figure 2. As shown in Figure 2 
showing fading experienced by a signal in mo- 
■ bile radio, a signal higher than a reception limit 

30 level can be received without any error, 

whereas that lower than the level can contain 
errors. In the case of Figure 2(B) illustrating an 
example wherein a block synchronising signal 
comprises a signal pattern, a hatched portion 

35 of the signal is not properly recognised as a 
block synchronisation signal since that portion 
is erroneously received. On the other hand, 
another block synchronisation communication 
system is shown in Figure 2(C) wherein the 

40 same pattern is transmitted three times in 
repetition, and in this case the data is recog- 
nised as a proper block synchronisation signal 
provided that two succeeding patterns can be 
found. Although the first of the patterns is not 

45 properly recognised as a synchronisation sig- 
nal because of its erroneous reception, the 
second and third patterns are recognised as a 
block synchronisation signal because of their 
proper reception. However, when a block syn- 

50 chronisation signal only comprises a single 
pattern as shown in Figure 2(B), the signal is 
not recognised as a block synchronisation sig- 
nal when it contains errors, while in the mul- 
tiple pattern case shown in Figure 2(C) it is 

55 difficult to decide at what position a sequence 
of properly recognised block synchronisation 
signals is located among the three block syn- 
chronisation signals. 

Against this, with the block synchronisation 

60 system according to the present invention, a 
plurality of different subsequent patterns con- 
struct a block synchronisation signal, and a 
pattern constituting the block synchronisation 
signal is recognised on the receiving side, and 

65 the data position is estimated on the basis of 



a properly recognised pattern position for 
block synchronisation. 

In Figure 3 illustrating a block synchronisa- 
tion communication system according to the 
70 present invention, solid and dotted curved 
lines of Figure 3(A) respectively show signal 
fading and the straight line on the horizontal 
axis represents a reception limit level. A block 
synchronisation signal for use in the present 
75 embodiment is shown in Figure 3(B), and 
comprises three successive patterns SYNC1, 
SYNC2, and SYNC3, each being composed of 
15 bits. SYNC1, for example, employs 
"111101011001000", SYNC2 
80 "000010100110111" and SYNC3 

"000100110101111". The receiving side sur 
pervises the three patterns SYNC1, SYNC2, 
and SYNC3. The receiving side recognises any 
pattern thereamong in order to detect the po- 
85 sition of the pattern in the block synchronisa- 
tion signal, and estimates the first position of 
the data in question. 

Let us, for example, consider a case 
wherein a block synchronisation signal shown 
90 in Figure 3(B) Is received as shown in Figure 
3(C) via a channel having a fading pattern 
shown by the solid line in Figure 3(A). It is 
assumed that the pattern of SYNC1 includes a 
portion less than the reception limit level and 
95 is erroneously received, while the other pat- 
terns SYNC2 and SYNC3 are received pro- 
perly. In this instance, it is decided that the 
data in question begins on and after the 16th 
bit (i.e. from the position of X on) since the 

100 pattern of SYNC2 previously properly recog- 
nised is properly recognised (there is thus no 
problem even if SYNC3 is erroneous). 

Let us now consider a case wherein the 
block synchronisation signal shown in Figure 

105 3(B) is received as shown in Figure 3(D) via a 
channel having a fading pattern as shown by 
the dotted line in Figure 3(A). The patterns of 
SYNC2 and SYNC3 include a portion less than 
the reception limit level and are erroneously 

110 received while the pattern of SYNC1 is pro- 
perly received. Accordingly, in this case, it is 
decided that the data in question begins on 
and after the 3lst bit (from the position of Y 
on) since SYNC1 was recognised. 

115 The block synchronisation transmission sys- 
tem according to the present invention is em- 
ployed in both devices of the data modem 3 
on the land side and the cellular modem 9 of 
the mobile 7, as shown in Figure 1. Block 

120 diagrams of the land modem 3 and the cellular 
modem 9 are respectively shown in Figures 
4a and 4b, wherein designated at 301 is a 
processor, 310 is a RS232C interface, 313 is 
a power supply and 317 a modem. A com- 

125 puter 1 is connected with a RS-232C interface 
port 342, a telephone set 2 connected with a 
TELSET interface 340, and a public switching 
telephone network 4 connected with a TELCO 
interface 341, as shown in the same figure. 

130 Operation of data transmission from the land 
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modem 3 on the land side to the mobile 7 
will be described below. 

First, a switch 324 is operated whereby 
whether the mode in question is transmission 
5 or reception is detected in an ORG/ANS Logic 
Func, part 325. The present case is set to 
transmission. The transmission mode is sup- 
plied to a CPU302 of the processor 301 via a 
peripheral interface 322, whereby the CPU302 

10 is informed of the start of the transmission. 
Then, the CPU302 interrogates the RS-232C 
interface 310 about whether the computer 1 
connected the RS-232C interface 310 is ready 
or not. Then, data to be delivered f rom the 

15 computer 1 is incorporated in a RAM304 via 
the processor part 301 and the RS-232C in- 
terface 310, and subjected to error correction 
encoding for preparing block data. In the case 
of data communication through the telephone, 

20 since the land modem 3 is connected to the 
telephone 2 via the TELSET interface 340, a 
line switch 329 is, upon initiating the data 
communication, switched to the TELCO inter- 
face 341 whereby the land modem 3 is con- 

25 nected with the public switching telephone 
network 4. The CPU302 waits an ACK signal 
(reception ready signal) from the mobile 7 on 
the receiving side. The ACK signal is entered 
in the land modem 3 via the TELCO interface 

30 341, demodulated by a modem part 317, and 
incorporated in the processor 301 via the per- 
ipheral interface 319. The modem 317 is a 
well known type and so operation thereof will 
not be described here. The CPU 302, upon 

35 receiving the ACK signal, starts to transmit 
the blocked data which has already been 
stored in the RAM 304. Furthermore, the 
CPU302, upon transmitting each data block, 
adds a block synchronisation signal to the 

40 head thereof. The block synchronisation signal 
comprises three patterns SYNC1, SYNC2, and 
SYNC3 each pattern being composed of 15 
bits, as shown in Figure 3(B). The data block, 
together with its block synchronisation signal, 

45 is delivered to the public switching telephone 
network 4 via the RAM 304, a peripheral in- 
terface 319, a modem 318, the line switch 
329, and the TELCO interface 341, and 
transmitted to the mobile 7 via the MTS05 

50 and the cell site 6. Successive data blocks 
from the computer 1 are likewise subjected to 
error correction encoding and are added to a 
respective block synchronisation signal in the 
RAM 304 for transmission. 

55 Operation of the mobile 7 which receives 
the transmitted data will be described with 
reference to Figures 1 and 4b. The. 
transmitted data is received by the mobile 
phone transmitter receiver unit 8 of the mobile 

60 7 and transferred to the cellular modem 9. As 
shown in Figure 4b, designated at 901 is a 
processor part, 910 is a RS-232C interface, 
913 is a power supply and 917 is a modem. 
The computer 1 1 of Figure 1 is connected 

65 with a RS-232C interface port 942, and the 



mobile phone transmitter/receiver unit (TRU) 8 
and the control unit (CU) 10 are connected 
with a TRU/CU interface port 940. The data 
received by the mobile phone transmitter/re- 

70 ceiver unit (TRU) 8 is supplied to the modem 
917 via the TRU/CU interface port and an 
audio path switch 932. The modem 917 de- 
modulates the received modulated data and 
delivers it to the RAM 904 of the processor 

75 901 via a peripheral interface 919. Here, the 
audio path switch 932 serves to switch a 
path for an audio signal between the data 
mode and the conversation mode. The CPU 
902 decodes the data sent to the RAM 904. 

80 In succession, for the received data, it is 

checked whether the data is a block synchron- 
isation signal or not. It is investigated at what 
position any of same patterns as those three 
kinds of the block synchronisation signal 

85 (SYNC patterns) each pattern comprising 15 
bits shown in Figure 3(B) are in the received 
data. The processor 901 decides, as de- 
scribed in Figure 3(C), based on SYNC 2 pat- 
tern being properly recognised, that the data 

90 in question begins on and after the I6th bit 
(shown by x) from the end of that pattern, 
while the processor 901, if it properly Recog- 
nises the SYNC 1 pattern as shown in Figure 
3(D), decides that the data begins on and 

95 after the 31st bit from the end of that pattern 
(shown by Y in Figure 3(D). The received data 
is decoded and is, if properly received,"deliv- 
ered to the computer II via the RS-232G inter- 
face 910 and the RS-232C interface port 942. 
100 Likewise, data blocks transmitted from 'The 

computer 1 on the land side are transrnitted in 
succession to the computer II on the mobile. 
Also in a case where any data is transmitted 
from the computer It on the mobile side to 
105 the computer I on the land side, the same 
procedure as described above can be ef- 
fected. 

Although in the above embodiments, the 
block synchronisation signal is composed of 

110 three successive patterns SYNC1, SYNC2, and 
SYNC3, a block synchronisation signal com- 
posed of two patterns or four or more pat- 
terns may likewise be used. 

According to the present invention, as de- 

115 scribed above, since the block synchronisation 
signal is constituted by a plurality of patterns 
then, provided that only one thereamong can 
be recognised, the block synchronisation sig- 
nal can be recognised even if the remaining 

120 patterns are received incorrectly. In addition, it 
can be decided from what position the data in 
question begins. 

The present invention can profitably be em- 
ployed for all data communication where fad- 

125 ing in a mobile phone, etc., is a problem. 

CLAIMS 

1. A method of block synchronisation of 
data in a mobile radio communication system, 
130 said method comprising the steps of: encod- 



ing data to be transmitted and forming the 
encoded data into blocks; adding to the head 
of said blocked data a block synchronising 
signal having a plurality of different successive 
5 patterns positioned in a prescribed orders- 
transmitting the blocked data together with 
said block synchronising signal; receiving said 
transmitted data and recognising one of said 
patterns constituting the block synchronisation 

.10 signal; estimating the data start position on 
the basis of the position of the properly re- 
cognised pattern within the block synchronisa- 
tion signal, and decoding the blocked data be- 
ginning from said estimated position as re- 

15 ceived data. 

2. A method according to claim 1, wherein 
said block synchronisation signal comprises 
three different patterns, and wherein the 
blocked data position is estimated from the 

20 position of the first properly recognised pat- 
tern within the block synchronisation signal on 
the receiving side. 

3. A method of block synchronisation of 
data in a mobile radio communication system 

25 substantially as hereinbefore described with 
reference to Figures 3 and 4 of the accom- 
panying drawings. 
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